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(54) SUPERLUMINESCENT DIODE 

(57) Abstract: 

PURPOSE: To provide a high-output superluminescent 
diode, which can be arrayed two-dimensionally. 

CONSTITUTION: A superluminescent diode is provided 
with a first conductivity type semiconductor substrate 
101, a first conductivity type clad layer 102, an active 
layer 103, a second conductivity type clad layer 104 and 
a second conductivity type contact layer 105, which are 
epitaxially grown in order on the substrate 101, 
electrode 106 and 107, which are respectively formed on 
the rears of the layer 105 and the substrate 101, and an 
excitation region, which is formed into a stripe form in 
the horizontal direction to the substrate 101. Moreover, 
the diode is provided with a curved waveguide structure, 
wherein light is emitted by 45-degree reflectors 109, 
which are provided at the end parts of an element, in 
the upper direction (or the lower direction) to the 
plane of the substrate, and is formed into a 
constitution wherein an antireflection coating 108 is 
performed on light extraction surfaces parallel to the 
plane of the substrate. 
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m, f2%ti?7!) hi, %2mms.^y99vm 
eta****., a s fc*T*wstiiA& 4 5 mm\z 

«kD. »S¥Hfc»UT±*lRlfc3tSJWrt-ai8iO«ft 

7.-/1-^5 * y -fc > P ^-f F. 

xhr***>*jwaftsft&»i*«s*?ypjB, mm 

m^V fe«MNI#K WSttJI. « 2 gUM* 7 y F 
A, S2|fl3^?hit, 3>*>MJK«« 

JMSfc«Afc4 5*fiW«k:iO. g«£giiLT«fii 

¥® b tt*[^ \zyt ant a ft o mmmmm 

S^y-fe^F^*- p\ 

LTS&¥S fc*f L TT^lS] fc it Stttff 5 ft 0 

~A-)VS. *yfe> h^-T^— P\ 

[M#3I4J 2, 3B*©X-/V-;l<5*y 

■fe>hy-f*-FK*^T, Jimi»fc*AfcE**© 

* y - t > P ^-f F. 

[««JB5] M&Sl. 2, 3, 4|B«©X-/1-;V5 
*y*>h^'f*-FC*V»T, XF 5^ ?«©»«* 
*©tt#fofc£tf«lIffc»jfcb&*?*!B©&?-a* 

* y±> P ¥1 tf— F. 

[0 0 0 1] 

©#*JBtf»*SK>#LAN (n-#;kr'J7*yP>7 
*©3IHHtLTfflV»6ns. Kffl#©X-A-JI, 

[0 0 0 2] 
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SBt^ F 1 1/— if y-f F©M#©#m££fc> 
Wo &»##PTr**#. «3fc*>f *- P Izik^T® 

u— tf ^-r -t- f© «fc 3 a^ffl^s*! 

WWa*?"?*!). *(D|MttHTH;V-flatt 

mm\zmR^-b^mhr, mvm&Mtz. 
io ®m&<7i-um^h^mmmmx%mm^ 
s, 

[ooo3] ^^t. n 7 \tmmmo~mmt^m 

* y -fe > P ^-f F ©EWMST & 
5 M#M¥6- 1 9 6 7 5 44SRMD . 07iC^T 

4 £TSB£ 5 y FIB 3 Rtt±®>7 y y FJf 5 TTSM/pfc 

3? £ 5 y Fl 5 © o^umWi&m 9 «©-«-Ctt» 

»jpa©±ffl!*yy fjs5±b. a«a*H 7 -c«©a 

*D. l*^-*+y^*tfiHSyi4aT-ea6S. SS6 

- * y -fe > F ^ F ©#®j®«« B "CKt. 

T, ±M9 ? v Fl 5 ©36*«#a«t«3t»fieiTT?* 
5fl 0, -t©±tffittJB4±D/t>F^ry^/hana© 

T«»a*)i7fcU*fflU a©a*»7T!*#&!R« 

[0 0 0 4] H8BflMEtt*©ai©«ftw-rHTfi6-3 
T, ^*XFy-f^#lig©X-A-;VS^yfe>F^ 
*- P©«!T*5 6 - 1 8 8 5 0 9 

1) . 08 (a) BX-/1-^3*yk>F^'1'*-F 
©^H, RIB (b) tt*F5-f7«©mkBHTr* 

■fe>F^-f*-F*Ptt. nlGaAslSH0±l;n 
fflGaAs/Xy7TJil2*»»j*anT*D, -t©±fc 
nilAlo.sGao.sAs^yyFll 3> Alo.osGa 
o.9 2 Asgtell 4, pl0AU. s Gap. s AsI13t 
^<FS15, pfflAlo.iGao..As»2*5tf'f PJB 

*ta*«2 l£W©fB*fcB» nSAlo.6Ga 0 .4A 

8BAli.iGai.iAs4HI. HBpIAh^G 
» ai.«As*5yFJB. 2 0Hpi©GaAs3>^ 
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(3) &U¥8-2 8 8 5 4 3 

3 4 

MT?*5, ^bT> m^mnmWiZMt^T.Yv'i [0 0 0 7] *»BB. ±IB©Pp1^S®^-rSfcfeC 

^2 10^2 211 3^*5)1 5St^febT^S« &S*l&fcfflT&D. 2^7WfcO*Wltg&i«tB*© 

T$&t-5ftftW3:^£&< &•&©-?, §^tci/— y [ooos] 

igig£ffl]JE-r5 r *o, ftflE2 2*Jl 5fflE* [HW*«Rfcf5t»©^gH ±BB«ftajSW<5a:© 

Tt&oTV»*©Tr, UJBBfc*V»T±Eirr*EfcjJ» fc, lE«©X-^-^3*yfe> 

&<. «WH*>6«it^«^i:3fe!«ffl»sna. -frt-FB, #jlSi€5!¥iSft:S&£, RJSSifcJH* 

[0005] ±E©2-3©fle*«B, m^s^t? x.n$*i/*)ifcmnrzmimmm27y m, *si* 
*sa». e*. m%ytmm?<Dz-n-)v**yt>h io m, B2*«s*5yFii. *2*«si:i>**m 

y<^- H*«JiE*ftTV»« (#M¥5-2 1 8 5 0 0 t. 3>** hl»tf««mfc*ft^»J«attfc* 

^4«HP) . H9tt*©-«fcamffSIS*Sl;*--^-Jl, *i. R3l*t*¥*Wfc^h5'f^«fc»*an&a 

3*yfe>hy-f*-H©KiSHT»*. H9fc*V> Sttttftft*. *6fcJtmWt«A&4 5flES«MK 

T,ff3 1linlGaAsIfc 3 0BS1E3 1©± ±D. a^¥Bfc»bT±#fflfc*fcft^6ftO^ 

■CiMH/ftGHAij!ftBAlGaA8rt?7rl, &#$j££fit;iT:fc9> S«¥lBi¥ffa««DUlbiSifc 

2 9 B/ty 7 713 0 ±(CJg^^nfcTg?Hlt^?^a& fiWBUfcri-TV >y*J«*nfc«Jtta-3TWS. 
5. £©T8B£#t*^2 9BA 1 As iA 1 GaAs© [0 0 0 9] Sfe. W^2jE«©X-A-;l,3*5>'fe 

**©3!S©IB*6j«oT*0. #JBtt3tt©l/45ftfi >bmr- FB> £lWtS¥*#£tt2:, RS&± 

ffl»St*LTH8. *fc, «F*2 8B»1 0 0 0:t> fcJB*XK****JlrfcftSnfcJ|lJMfflir9» H 
(A) ©AlGaAs^SfcajSatt*- a? M. SIS4DfeiM««Hffittl, $2*«I[? 

^#Ffc±oT*j«an*. ifittM 2 6 ©±fcB±«x ^riRifcx h 5-r ^Rk:»«sn&aiB««s«iL. $ 5 

^— 9-2 7*»»*Snr^*. j6»X«-tf2 IC*?^fc«A&4 5*EW*fcJ;t>. S«£j§ifib 

8, 16®)! 2 6, ±«X*~»J-2 7©£tMHt, 1/2 TaW¥Bfc#UTT*lftfc***»t*l!llD»«>MB 

«fi©fl»K*L<«*anTV»*. ffl*R»*F2 4 jfifcHfcTfcD, Sfi^HtW&jeWDWLiBfcRIt 

fct»**»V»TT*EM*f 2 9 i«6l©*an?*a. [0 0 1 0] Sfc, »*a3B«©X-/t-*3*yfe 

are 2 5 B«*aA*r * 0 , «*€*¥#i*ifcBr«© > f y-f *- h b, m/m/mmmsit. mm±\z 

tffftBOKtWB. 10 0XJ;D«Tft<)!sSJ:3fcR V»Sttl, H2 HI, ^2#SSn>^^ 

f-StlT^D, S«»Ifll©U-y>y*JI|l«LTVJS. hit, JSlS»«Sl3>y^M, JS2*«S!3>y? 

[0006] F«©a^«B«fc*n*tt»jS3*i&wi. 

BSyHfcSttT^fcK SSI, £2©tt*fl| 0B7. 0 4? S. 

8) fcwbfc«H5S3iaiX-^-;k3*yfe>hy'f* [0 0 11] *bT. ±E©X-/V-JV3*s/-fe> h$f 

-PTB, B«»HB1£0iM»B»V>*», wm^t -ffr-FB, ifWl:I^.feEMl©ftS^4 5ft# 

-HCJt^T3ie©®t)aibjS**i/jNSV^Vi3^^*t 6b1T*fc*W-jfcD (M$£4) . Xh5-f^©i)E 

S. »3©fl£3fE«f (H9) fcwUfcBSBfcSX- ItoWttiESilSlliSlfcifSioa^* 

3lfi»OfBl/B«***< , Tf**j8«. ftfflMB 5) . 
©KWatK W&6^«^©ffl»3tftS«*S < T b [0012] 

S3, Jn»^©m«3ai***<i-a&»fc3Kw mm m#miwm®mmzzttit. niaw 

»H©E»J|t*fi<f*t. *©*«EIII**SVi&©+ fofcXh?'f:/tt©Bjfi«ttfc#bTV»*&». Sffl^ 
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5 

Efc]i«"Pt4. -t©fc*, ^«H©M»©#*fi|-# 

KS^DW**. Sfc. **Bfitt2Jfc7c7MftK:3iL/ 

-)v$*y±>bmm?>nz>. **ra At) ass 

JRft»i|llb^-^-;i/S*yfe>h3e*»Dffl"r&6 

W*-F©J:3lcBiraiiilC» 
£?•*©■«&&<, fflR¥Wt¥tffc»l«LTW*. 

jSHJ^exi'-tJfl^T, a-x^>^li©ISi?£M® 
[0 0 13] »*«2e«ffl*lSfc:*Vvrt>, SCBfc 

mmxtc 4 5 m o ta us KRtt&Kim 
kxi-j-A >mmm i ©*? tpmrefca. 

TS*©gffi#SK!3ffll/rV><&ii:;5T**. CWC 

±d. *** i ©^fcjt^x, 3ia»Dfljbii«*** 

<-T*ili3S«T*S. Sfc, ffitt«fcfflV»T^**H6f© 

ttfc43W-*#©«Kftfc< UTV»*. 
[0 0 14] M$]R3Gtt©*rt*?tt. H#!H2©#P 
tR*C3KS»««iii«»S]SDia-r*|jtta:r>TVJ*. 
fti'jTHSCB, S«il,T*l*«fflS«T!tt&< 

*»BHt«ssfliwT*D, & i *«««*, $2*« 
*«*©pr*ss«©aiii«iifc»j«i/TVJajST?*s. 

[0 0 15] ff$81, 2, 3©*^C*^TI4, V- 

TL^5BJtift*tS5„ -tllTf, M««4G«©«|j£tr 
<kn«, ^TOfc«A£KM*©A«£4 5fl»»&fc 

*¥S:ffilC»bTS6t*#<«<Citfca*. ^©± 
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[0 0 16] *fc, *#85«Bit©* : flc.fcn«\ xh 
*B©fcTa*SSafc#LTfcr*fc«W"tV».&. n 

nt>. x h 5 im&mmmmbtcm^ muz® 

20 -T«»**1-a. ■tLTXh5'f^©«*ft«B, 3BR 
5. 

[0017] 

mmm kt. *mwmmw\z-D^Tmmmb 
■o-omnzmi-rz. 

[ftKffll] Hltt. M*BltE«LfcX-/'«-A'S 
*yfe>h^-r*-H©»fHHTr»6. 0 1 \Zm-fm 
KKSTrttnfflGaAsSlgl 0 1©±K. nUAlGa 
As^7»;K110 2, 7>K-^GaAsffittgl0 
i» 3, pHAl GaAs?7«; FJgl 04, pSGaAs 
3>*£ hJRl 0 6#aJMn*3*lTV>«. *fc, 0* 
^10 9B, *^©Pi«aifc^b&4 5£fflftg£ 

#-r*Kirtrp*D, i o 8u%mtihm\zMmn 
tcs i oR»»±inr*«. *ut. paa>** ha 

±EpWMl 0 6, SfiftMicnWHU 0 7WMK 
##F©»iB«*tt. ttBBBES V-lf ^ F t B 

30 vm 7nh>aAxh:M7«j§, a&ji».sijga 

[0 0 18] 02B, Hlfc*l/&X-^-^3*yfe 
>F^*-F©»3ex8ewbfc"b©-P**. SSJ 
\Z, nlGaAsIil 0 1 ±\Z, MOVPE(Metal 0 
rganicVapor Phase Eptaxy)SfciDnSA 1 GaAs 
^77F1102, GaAsfgftll 0 3, pSAlG 
aAs^5?HB104, pUG a A s 3 Hi 
0 6 «B*XKi'*J'*;M»SttS (02 (a) ) . 
*9»P11 0 2. 1 04OWSU1. 5«m, jgttS 
40 103©JP$ttO. lum, 
BO. 3umtLfr. 

[0 0 19] ^Cfc, ECR-R I BE(Electoron Cyclo 
Iron Resonance-Reactive Ion BeamEtching) gg£,fl| 
WT4B*BWI1 OgtF^-fXy^dfTWjjff* 

(02 (b) . Z\tl\t, KMH^>H-£©#|n]£a 
tKB*5ffS©ftS - r«^5£ltK«t!3, x.y?>>fM 
tt*»JM»fc#LT4 5*fc&*±9fcl/TW*. ^-U 
T, ^?©M«(COViT*S©[Hl#£^AT#*X^5 1 

50 fc„ i^, *3at«TttXh5'f^!RBiB**ffl*Sft2 
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7 

5 0 (imtl/L 

[0 0 2 0] &[t, 36BlDffll/ifta*4 5«KIMIl 
0 9©±*t&g1-SpS!GaAsn>^^ Ml 0 5 

0 5 0«Wg«l 0 3£Hi;GaAs#»T!*«& 

*©*. 3>**h«l0 3«t*bfcX*DfllMI 
fc. S i OHft^itH 1 0 8 £«T3 (02 

(c) ) o H©i*. £*«©#£»**«=* 

-bft«»6ffa3!itfc±D, Bwasi/4jftfitja:a 

ZVhMl 0 5±i-p#Mffi (Au-Zn/Au) 10 

6 5, 9&££1 0 l*Mtn#]« (Au-Ge/N 
i/Au) 10 7t«a*tT»*t5 (02 

(d) ) „ 

[0021] hi, 02 ±na. »w 

Ml 1 0 9 tt, X b 7ttira«l*ft»*l/T*&* 

nfc±o, *f*«ffln*cD*ss«i o i tfiiiaffi 
te«Dtfl1-i:i)9«-e**. for, &k<i>iffifEmz 

*#B6tt2*3c7H"ft«niriB 

Kffl*t&*. *LT, 36WDBl/fflfc»J«l/ft:S iO 

Btm±mi o 8B, *asi/4«ftR:«frr*i:i 

fc±D, S»**l. 2X*T?fi«LTVJS. CMC* 

[0 0 2 2] [*WJ2] H3tt, H#iJ2fcB*l/fc 
XW^*3*y*:> W*-P©|ffli.H*C**. 0 
3 Cw-TSlf^JtT?!*. I n PS«3 0 1 ±fc. n 
ainPjr?yPMS02, 7>H-^InGaAsP 

(1. 5/im)gftl3 0 3, pSlnP*9*FM3 
04, plInGaAsP (1. 3/im) 3>*£M1 
3 0 5iW»*SttTfc*. *&, H«f«H#l 0 6, 10 

V»Tt>4 5gR|f$U 0 9at*FJW5t»J*SnTV»* 

*t, i ta»*fiisiRi^Tv»a. xh? 

■f Tffitt * £4S U&Jttt. 4 5 SSJtM 1 0 9 

ftsnr, a«3 QiiDy^mzm-fBn^ *lt> 

ft«g«3 0 1 SKBUT, XfiftHfr&ttDfl&ns 
i^iftoTM. infc<kD, 1 ffl*ffcjfc"« 
T, 3K«CDHlLIiI*e*#<-r*E:t39nf*5. 
attamiUTInP*m»T*0, SttHOInGa 
AsP±Dt>»WffttJit*3<fct>TW&. for, 4 
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s&mmi o 9TK»sn&3t««ss3 o izmm 

«t*fc. g«3 0 lT?©#RJR«giA/»i<, ftft 

[0 0 2 3] QUtff 3] H4I4. 11*513 KB*Lfc 
X-M-;i,3*y-k> H©UrHHtr*«. 0 

4 fc*T3lHP«jfiTf t±, SIS i LT¥*&SlttG a A s £ 
*4 0iefflttTV>5£fc]Wff«ifcoT*»). £©¥ 
{8iftttGaAs»fc4 0 l±fc, nlGaAsn^^ 
M40 2, naAlGaAs^?yHMl02, Stt 
14 0 3, piAlGaAs*7->FH04, pUG 
aAsn>^^hJilOBaJJHfc«lSnT«r»*. 
14 0 3 tLTte, InGaAs/GaAsS^UT 
#F*ifift*fflbTVi*. fi^#Flf*5 I no. 2 G 
a«.»As©HJ?S8nm. A'J7IW5GaAsl 
©»Ptt7nnn!fcD. #Fftfc3flil,&. £©g» 
: f#FiSttH4 0 3©SBCJftftH:0. 9 8(imttoT 
*D. GaAsM40 1 ± D t>*WHMI*»^a < , 2 
4E4 0 1 fc»LTaWC*S. pfi«® 1 0 6 «, X h 
^ TttramtfcttCLfcpaGaAs 3>** M 
1 0 BiKiWaftTM. nflflfiffil 0 7B, 
4 6K5IM1 0 9ffWWEXy^>jf*nT««t» 
HJStf&nSGaAs ny^i; Mf 4 0 2±fc»«S*l 

tv»*. 4s%.mmv$\mmmtnvm\zm 

5c ^©4 5&S&&1 o 9©x-y^>£' , £-t£*-& 

T, ^HWnln^^ M4 0 2 tte i 

5fcTS&»8*»S. Z.<D£5\Z, pfMM10 6, n 
WK 1 0 7 ©R#tf¥JBfttt£tK4 0 1 (DimWlZM 

3tT§M*J*^*|jii:&aT^5. ^©fcfe, S&4 

o i t*¥^fc^UTXh^<^ttiTiiiisn 

mm\znfttzmmft : b&t>Kxmmz.t 
mmttur,, mtim±.?z>. *&. s#tK±K 1 
o 8 a»«ai«©*iifc*^*. /^-=>y sfjfc 

[0 0 2 4] ^«M4] 05B, «|*!R4K:B«U& 
X-A-^S^y-k^h^-f^-HOSfSS'TftS. 0 

5 \z7x?m?ffii&-?u, mmwKDmtmmz, mm 

1©^«S4 B«3j>6«3f*t«WTVi*!lfe»*. 

jwamrtt. SMtmMWMw^-r^* ce) 5 

0 2S4 8Stbfc„ *©&», S«t*¥*(RlfflX h 
^5 0 lT^MMStlT, ^OfflUSfcMLT, 2^ 



(6) 

9 

KHfittBjfcKl 0 8t**l/TV>*#t. 

So *»0ffiUBrRtfSn&#K, ffi**?*«©*f- 
&MMI15 0 lTHfcfStlT, «Trt»fcRt>TV»<. 
!l©i*atKBffc«l/T, 4 0-2jt©ftfl&« 

©ettjpcAer, mmmwm&mmMi&Lts. 

■f*-HiLT»flTiriBT**. £atftjU*10 8 
fflJPSB, «»A#fc»bTK»*«i«ffit&*±5 
*©J?££$JWL&. *&, *«tt«iT»«?«« 
©!(«©*©£#« 5 0 1 ©ft** 4 5«*6f6L& 
**. £JIffi£#ifiSlx&tt*lK<kt>©T, 2*6*-*© 
$a£>KttSi5 0 l©ftg£4 5ft9»6ir SLTfcJ;K 
[0 0 2 5] [£ttft5] H6a. M#B5fcB*t/& 

0 (a) «X-/1-;P5^>vk>h^'f^-H©±S 
a H0 (b) \%7>-rt-)l5.*y±>h#'(t-\ i <D 20 

wwmr&z. me (w \z*?&5\z, mmm\tm 
mm 2 \z*Lrzm?tmmKM%'v$>zw> *mmwr 

tt2&5E7W**M5l,TV»S. X#fnl©Mtf«4 5S 

109 fc<ko^ifc?tiT*30, Ymommtzf 

n h >a A 6 0 2 fcfffc 5 c t let 0 ««Wfc#If 
X b7-C7Vl®mm®6 0 1 *»ffiLWa. X-/1- 
H^yt^hm 4 5&KM&1 0 9Tffitf^tlT 
SIS 3 0 lg»£IRDffl2tt3. *gJ£«C*5tf.5# 
1KB. TRBjSWtt 6 0 1 ©X h 7-f 

^SgHESit&^lRl&Stf * = 5» ten 30 

«e o nf**an&a«s*m*ft, 4 sskwmi 0 

9 fc*V»TZ3foffljS#HSlIfcgf|tf SftSfl*. Y^IpI 

©mwk±isi 0 8Tt>-f*fcfiatan&*tt. *>£© 

X h^TKSifiHKWe 0 1 fcBKfcfc£KSfctr>. IE 

Kffl*©X-/V-/P5*?-fe>h3feJ«l*5n5. 
[0 0 2 6] 

S®^3tSx-;t-;i/3^-yb>l>^'f^- 
#P**K:ll*.fc4 5ftE«*lc«fc0aM©±#Wfc 

3tts»Dwr«ar»*fcJ6, 2*?E7Wfcfcai/t 

^5. t£oT\ RmAfflX-rt-JV3*y-fe>h3teJS# 

&EWK?±RB, fls«*»#a-C»DRW©«IPttt)J: 
K tot, 5BS!Lfc«EWI*#«iltj!«T*. k- 50 
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[0 0 2 7] *fc, «*a2B«©X-A-^3*yfe 
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[02] *»W©»l©5afi«R:J:SX-^-*3*y 

[03] *58iH©iB2©|SE«Wt±*X-^-A'5*y 
■fe> W ^- F ©K ffiSTfe^o 
[04] *5SW©JB3©*MS#!fc±*X-^-^3*?; 
t>tmr- H©WD9HT?**. 
[05] *58W©»4ffl*Ml#!|fc«l:*X-^-;V3*y 

•fe> h^>f 3— p©«rmr?ft«. 

[06] *38M©SS5©Sa8«ftjS > rHT*D. (a) 
BX-A-^3^y-fe>F^^-F©±H0, (b) 
BX-/^-*5*yfe> h^-f F©HS0-e&-5. 

[07] *i©aaE«-e***ffl»*ax-^-*3* 
yfe> h^-r p©»fmrc»«. 

[08] JB2©«3fS«Sw1-HTf*D, (a) Bfflifft 
*fflX-^-^3 * jr -fe > h ^ H ©^0, 
(b) B*ffi5BtfflX~/«-^3*yfe>h^*-H 
©S«±H0T*5. 

[09] »3©fl63MTC*«li583iaiX-^-*5*y 
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